background: Previous studies have suggested that assisted reproduction technology (ART) is associated with increased risk of breech presentation. We investigated whether factors that tend to differ between ART and spontaneously conceived pregnancies may explain the higher risk of breech deliveries associated with ART. material and methods: In this population-based cohort study, we included 1 209 151 singleton pregnancies reported to the Medical Birth Registry of Norway between 1984 and 2006 and compared the risk of breech presentation in 8229 ART pregnancies with that in spontaneously conceived pregnancies. Risk ratios (RR), adjusted for maternal age, parity, gestational length and year of birth, were estimated using binominal regression, and we describe differences and time trends in obstetric management for breech and cephalic presentations after ART compared with management of spontaneously conceived pregnancies.
Introduction
The safety of assisted fertilization has been scrutinized since assisted reproduction technology (ART) was introduced with the first successful pregnancy in 1978 (Steptoe and Edwards, 1978) . It has been shown in many studies that ART pregnancies are associated with higher risk of complications and adverse perinatal outcomes compared with spontaneously conceived pregnancies (Helmerhorst et al., 2004; Jackson et al., 2004; McDonald et al., 2005; Pinborg, 2005) . However, the results of recent research suggest that problems related to ART in singleton pregnancies are more likely to be caused by the underlying infertility than by the reproduction technology (Romundstad et al., 2008) .
There is some evidence that breech presentation occurs more often in pregnancies following assisted fertilization (Frydman et al., 1986; Frydman et al., 1989; Antoine et al., 1990; Heijnsbroek et al., 1995; Isaksson et al., 2002; Zadori et al., 2003; Ombelet et al., 2005) , but it is unclear to which degree the excess risk can be attributed to the technology or to other factors associated with assisted fertilization. The aetiology of breech presentation is not fully understood, but the condition has been linked to prematurity, a first pregnancy, advanced maternal age, a previous breech presentation, placenta previa and uterine anomalies (Hofmeyr and Hannah, 2001; Lin, 2004) .
In general, the obstetric management of ART pregnancies seems to differ from that of spontaneously conceived pregnancies. Typically, deliveries are more likely to be induced in ART pregnancies, and the rate of Caesarean sections is considerably higher (Kallen et al., 2005) . Breech presentation is strongly associated with delivery by Caesarean section, but it is not known if the obstetric management of breech deliveries of ART pregnancies differs from that of spontaneously conceived pregnancies.
In this population study, we have therefore assessed whether mode of conception (assisted versus spontaneous) was associated with the risk of breech presentation, and whether the clinical management of breech presentations differed according to the mode of conception.
Materials and Methods

Study population
We used data on singleton births registered from 1984 to 2006 at the Medical Birth Registry of Norway (www.mfr.no). The registry is population based and comprises data on virtually all births in Norway since 1967. The attending midwife or obstetrician fills in information on standardized forms regarding the mother's health before and during pregnancy, complications during pregnancy and at delivery and length of gestation at birth. Information on the child includes birth size, and events recorded during the first week of life, including referral to a neonatal intensive care unit (NICU). All fertility clinics report all pregnancies after assisted fertilization to the registry, and the information includes details on methods used for fertilization (IVF or ICSI) , the number of embryos transferred and whether the embryo replaced is fresh or thawed after cryopreservation. Result of first trimester ultrasound scans is also reported. The registry does not have information on pregnancies after inseminations or ovulation inductions.
The analyses were restricted to singleton pregnancies with length of gestation of 22 weeks or more and offspring birthweight of at least 500 g (World Health Organization recommendations, http://www.who .int/making_pregnancy_safer/publications/neonatal.pdf). There were no ART pregnancies among mothers younger than 20 years of age, or in women with parity of five or higher. To achieve comparable groups, mothers younger than 20 years and women with parity of five or higher in the spontaneously conceived group were excluded. The study population, including criteria for inclusions and exclusions, is illustrated in Fig. 1 (flow chart) and has previously been described in more detail (Romundstad et al., 2008) . Briefly, the study population included 1 209 151 singleton pregnancies among 665 883 women (Fig. 1) . Among these pregnancies, 1 200 922 (99%) were conceived spontaneously and 8229 (1%) were conceived after assisted fertilization.
Variables
Parity was divided into three categories (0, 1 or 2 or more). Length of gestation at birth was calculated from information obtained during routine ultrasonography in pregnancy weeks 17 -19. If this information was not available, we used the last menstrual period to calculate the gestational age among women who conceived spontaneously, whereas the date of embryo transfer was used to determine the gestational age in pregnancies with assisted fertilization. In cases of unreported gestational age or unrealistic birthweights for gestational age and offspring sex (i.e. .6 SD from expected), gestational length was set to missing (Skjaerven et al., 2000) . Data on gestational age were missing in 73 936 (6%) pregnancies. Interval between births was calculated as the time period from the previous delivery until estimated conception of the index pregnancy. We used referral to an NICU as an indicator of perinatal morbidity. Due to a revision of the notification form to the Medical Registry of Norway in 1999, there was a change in the reporting of breech presentations. Until 1998 breech delivery was recorded as a specific complication of delivery (specified in the instructions in the form), but thereafter, breech presentation was ticked off in a specific checkbox.
Statistical analysis
We compared the risk of breech presentation in pregnancies conceived after assisted fertilization and spontaneously conceived pregnancies, using a binomial regression model, and present the differences in risk as risk ratios (RR) with the corresponding 95% confidence intervals (95% CI). To account for correlated outcomes within the same mother, we computed the robust standard error. In the analyses, we controlled for potential confounding by maternal age (20-29 years, 30 -34 years, 35 years and older), parity (0, 1, 2 or higher) and year of delivery (1984-1989, 1990 -1994, 1995-1999 and 2000 -2006) . We also evaluated the gestational age in six categories (22-27 weeks, 28-32 weeks, 33 -36 weeks, 37 -39 weeks, 40 -41 weeks and 42þ weeks) as a potential mediating factor. In supplementary analyses we controlled for time interval between pregnancies (no previous birth, ,18 months, 19 -35 months, 36 months). We used STATA for Windows (version 10, College Station, Texas, USA) for the statistical analyses.
Results
The risk of breech presentation was fairly stable throughout the study period, both for pregnancies conceived after assisted fertilization and for spontaneously conceived pregnancies, but risk for breech presentation was consistently higher in ART pregnancies (Table I) . In both groups, breech delivery occurred more often in first time pregnancies and in pregnancies with low gestational age.
Among 8229 singleton ART pregnancies, gestational age was reliably recorded in 7474 pregnancies. Among these, 372 ( 5.0%) were breech deliveries, and among ART pregnancies with delivery before 28 weeks of gestation, 42.3% presented with breech, Figure 1 Flow chart of the study population from the medical birth registry of Norway (1984 Norway ( -2006 . compared with 23.7% among spontaneously conceived pregnancies (Table I) . Among ART pregnancies, there was no difference in the risk of breech presentation between the IVF group and the group conceived with ICSI (Table I) .
The crude RR of breech presentation in ART compared with spontaneously conceived pregnancies was 1.48 (95% CI: 1.34 -1.64), but after adjustment for maternal age, parity and calendar period of birth this association was reduced to 1.04 (Table II) , and further adjustment for length of gestation fully attenuated the association (adjusted RR: 0.97, 95% CI: 0.88-1.07). Of these factors, parity and length of gestation contributed most to the attenuation. Similarly, in a stratified analysis restricted to nulliparaous women delivering at term (.36 weeks), we found no association between ART and risk of breech presentation, RR ¼ 1.03 (95% CI: 0.91 -1.16). In additional analyses we also controlled for time interval between pregnancies, but this did not alter the results.
Among a total of 419 breech singletons conceived by ART, 77.6% were delivered by Caesarean section, and the corresponding proportion of Caesarean sections in spontaneously conceived singletons was 61.6% (Table III) . The proportion of breech presentations that resulted in elective Caesarean sections substantially differed between the groups. In ART pregnancies, 42.5% of breech presentations were delivered by elective Caesarean section, compared with 26.0% among spontaneously conceived pregnancies (risk difference, 16.5%). Adjustment for maternal age, calendar period and parity reduced this difference to 12.3% (95% CI: 7.5-17.0%). There was, however, no clear difference between the groups in frequency of acute Caesarean deliveries after breech presentation.
Throughout the study period, there was a general and consistent increase in the rate of Caesarean sections in spontaneously conceived pregnancies, whereas the proportion of Caesarean sections in ART pregnancies decreased over time; gradually approaching the rates of Caesarean section in spontaneously conceived pregnancies (Fig. 2) . Similar time-related patterns, with gradually smaller differences in the frequency of Caesarean sections between ART and spontaneously conceived pregnancies, were observed for both breech and cephalic presentations. The frequency of induction of labour was 14.9% in the ART group and 10.8% in the spontaneously conceived group. These proportions were fairly stable over time (data not shown).
The use of epidural anaesthesia (EDA) in breech deliveries did not differ by mode of conception (Table III) , but in pregnancies with cephalic presentation, EDA was more common in ART compared with spontaneously conceived pregnancies (25.9 versus 14.1%, crude risk difference, 11.8%). After adjustment for maternal age, calendar period, gestational length and parity, this difference was attenuated to 4.3% (95% CI: 3.4 -5.3%).
In general, perinatal mortality was slightly higher after breech compared with other presentations (overall risk difference, 0.6%, 95% CI: 0.6 -0.7%). This difference was greater in ART than in spontaneously conceived pregnancies (Table III) . Breech presentations also resulted in transferral to the NICU, but slightly more often following ART than spontaneously conceived pregnancies (22.3 versus 20.4%). After adjustment for potentially confounding factors the risk difference was 2.2% (95% CI: -2.9 to 7.4%). Following cephalic presentations, 13.1% of the newborns in the ART group were referred to the NICU, compared with 9.1% of singletons conceived after spontaneous conception (adjusted risk difference, 3.1%, 95% CI: 2.1-4.1%).
Discussion
The crude risk of breech presentation was higher in ART compared with spontaneously conceived pregnancies, but after adjustment for maternal parity and length of gestation, the difference between the groups was fully attenuated. Previous studies have reported increased risk of breech presentation related to ART (Frydman et al., 1986; Zadori et al., 2003; Ombelet et al., 2005; Poikkeus et al., 2007) , but the studies were typically small, and failed to take potentially confounding factors into account in the analysis.
Certain factors have been consistently associated with breech delivery, and in our study, approximately 24% of fetuses with delivery before 28 weeks of gestation were in the breech position; compared with 2% of pregnancies with post-term delivery (Table I) . During the third trimester there is a spontaneous internal version of the fetus presenting in breech to a cephalic presentation. Therefore, it is possible that increasing size traps the fetus into the head down position, and pregnancies with early delivery may simply recruit more breech presentations before the head is turned down. ART pregnancies tend to be first-time deliveries and have shorter length of gestation, and these factors may largely explain the higher crude risk of breech deliveries associated with ART. In general, breech presentation increases the risk of adverse perinatal outcomes (Danielian et al., 1996) . Our findings confirm this; breech deliveries were associated with higher perinatal mortality and morbidity compared with cephalic presentations, regardless of whether the pregnancy was spontaneously conceived or conceived by assisted fertilization.
The main strengths of this study include its population-based design, the large number of observations, and comprehensive information on potentially confounding factors. Nonetheless, we did not have information on some factors that are both related to breech presentation and to fertility treatment, including uterine malformations such as didelphus, septa and bicorn, and uterine leiomyoma (Lin, 2004; Biderman-Madar et al., 2005) . Taking these factors into account, however, is not likely to alter the results substantially. Similarly, breech presentations may recur from one generation to the next (Nordtveit et al., 2008) . We did not have information on familial predisposition in this study, but familial predisposition to breech delivery is not likely to be associated with infertility treatment, and information on recurrence would probably not have disturbed our results. The reporting of breech presentation changed in 1998. However, it is unlikely that this change would lead to differential reporting according to the mode of conception (ART or spontaneous).
The differential evaluation of gestational age for ART (date of embryo transfer) and spontaneously conceived (first day of last menstrual period) before 1998 may introduce a bias. However, when we restricted the analysis to pregnancies (both ART and spontaneous) in which gestational age were determined by ultrasound, the results remained unchanged.
Over time, there was a gradual shift towards vaginal deliveries of ART singleton pregnancies, whereas in spontaneously conceived pregnancies, there was an increase in Caesarean sections for both breech and cephalic presentations. Thus, rates of Caesarean section in the two groups have approached each other during the study period. A similar time-related reduction in Caesarean sections in ART pregnancies has been observed by others (Kallen et al., 2005) , but to our knowledge, no previous study has reported Caesarean section rates according to breech and cephalic presentations.
The optimal mode of delivery for breech presentations is controversial. In a randomized trial among women with breech presentation (the Term Breech Trial), perinatal death and neonatal morbidity were lower during the first 6 weeks of life among those who were randomized to planned Caesarean delivery compared with women randomized to planned vaginal delivery (Hannah et al., 2000) . It has been suggested that the use of Caesarean section in the management of breech presentation has increased as a consequence of that study (Pasupathy et al., 2008) , and our results appear to confirm this, both for ART and spontaneously conceived pregnancies.
Indications for Caesarean sections are typically diverse; some will be performed as an elective procedure, whereas others may be due to an acute obstetric situation. Nonetheless, it appears that interventions are more likely in ART than in spontaneously conceived pregnancies, with higher rate of Caesarean sections in the ART group. We found that the rate of elective Caesarean sections for breech deliveries was considerably higher in the ART group, and the rate of acute Caesarean sections for cephalic deliveries was also higher in the ART group. These findings indicate that ART pregnancies are subjected to a more active obstetric management. The higher tendency to intervene may to some extent explain why ART pregnancies have slightly shorter length of gestation (Romundstad et al., 2008) .
For most couples with fertility problems, there is a psychological burden involved (Schmidt, 2006) , and in many regions of the world, Assisted fertilization and risk of breech delivery treatment adds a substantial economical burden for the couples. These factors may also explain why these pregnancies are subjected to closer surveillance than spontaneously conceived pregnancies. Possibly, more cautious surveillance may result in higher rates of obstetric interventions. However, the use of ART has become increasingly more common, and our results show that the management of ART pregnancies is gradually approaching the conventional care of spontaneously conceived pregnancies.
In summary, our results show that the higher risk of breech presentation in singleton pregnancies conceived by ART was fully attenuated after controlling for differences in parity, maternal age and length of gestation, i.e. factors that tend to differ between ART and spontaneously conceived pregnancies. The results also suggest that the obstetric management of singleton ART pregnancies is approaching the conventional management of spontaneously conceived singletons.
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